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Project Abstract
Maintaining and cultivating a diverse, world-class Science, Technology, Engineering and Mathematics (STEM) 
workforce is critical for maintaining the superiority of the United States Navy and beyond. One important 
limitation of the existing STEM education approaches is the lack of balancing the need for broad technical skills 
and essential human teaming dynamics/effectiveness skills, which are two fundamental components in workforce 
development, especially in the area of autonomy and artificial intelligence (AI). One key challenge is the 
development of appropriate platforms to train/educate students with rich hands-on STEM topics in autonomy and AI. 
Another key challenge is to expose students with different and real-world human teaming dynamics/effectiveness 
experiences. The goals of the project are to overcome the two challenges via developing a new active learning 
STEM education approach that promotes self-motivated and self-managed active technical skill and teaming skill 
development through learning from internships, lab projects, and competitions. Specifically, the project will 
focus on three essential thrusts: (1) Diverse Hands-on STEM Topics: build students’ rich hands-on skills to 
improve their technology awareness; (2) Human Teaming Effectiveness/Interaction topics: create 
an active learning environment for students to learn, apply, adapt, and optimize their teaming skills towards 
teaming awareness; (3) Testing, Evaluation, and Board Impacts: Test, evaluate, and improve the active learning 
STEM education approach for broader impacts via participation in competitions and students’ internships/jobs in 
national labs and industrial companies. In short term, the project seeks to create a more efficient active 
learning STEM education approach that balances the needs for technical skill development and human teaming 
effectiveness development.  In long term, the proposed STEM activities aim to provide some fundamental guidelines 
and principles for a sustainable and scalable engineering workforce pipeline, which are critical for 
future Navy and DoD missions. 
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D. Travel
Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions)1.
Foreign Travel Costs2.

Total Travel Cost

Funds Requested ($)

4,000.00

4,000.00

E. Participant/Trainee Support Costs
Tuition/Fees/Health Insurance1.
Stipends2.
Travel3.
Subsistence4.
Other5.

Funds Requested ($)

Number of Participants/Trainees Total Participant/Trainee Support Costs
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Section A, Senior/Key Person

Section C, Equipment

RESEARCH & RELATED BUDGET - Cumulative Budget

Section D, Travel

Domestic

Section E, Participant/Trainee Support Costs

Foreign

Tuition/Fees/Health Insurance

Stipends

Travel

Subsistence

Other

Number of Participants/Trainees

1.

2.

3.

4.

5.

6.

1.

2.

Section F, Other Direct Costs

Materials and Supplies1.

Publication Costs2.

Consultant Services3.

ADP/Computer Services4.

Subawards/Consortium/Contractual Costs5.

Equipment or Facility Rental/User Fees6.

Alterations and Renovations7.

8.

9.

10.

Totals ($)

Total Number Other Personnel

Total Salary, Wages and Fringe Benefits (A+B)

Other 1

Other 2

Other 3

Section B, Other Personnel
48,058.00

241,950.00

17

290,008.00

12,000.00

12,000.00

5,811.00

5,811.00

Other 411.

12.

15.

17.

16.

14.

13.

Other 5

Other 7

Other 6

Other 8

Other 10

Other 9
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Section G, Direct Costs (A thru F) 307,819.00

Section J, Fee

Section I, Total Direct and Indirect Costs (G + H)

Section H, Indirect Costs

461,730.00

461,730.00Section K, Total Costs and Fee (I + J)
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Budget Justification 
 
We propose to carry out this project from May 1, 2023 through April 30, 2026.  We request a 
grand total amount of $461,730 for this project. 
 
Total cost by year: 
Year 1: $149,685 
Year 2: $153,868 
Year 3: $158,177 
 
a. Senior Personnel 
Dr. Yongcan Cao, PI (1-person month), will be responsible for day to day operation of the project.  
He will work closely the administrative staff for recruiting students, collecting data and preparing 
reports. He will be responsible for identifying the proper project tasks and managing project 
progress for each student. Additionally, he will be responsible for interactions with the Navy for 
annual report submission. The funds requested include a 3% increase for years 2 and 3.  
 
Year 1: $12,435   Year 2: $12,808   Year 3: $13,192 
 
b. Other Personnel 
One Graduate Student, 3 Undergraduate Students, 2 High-School Students  
 $72,480 is requested for year 1 to provide supports for one graduate student (3 months effort/year), 
3 undergraduate students (4.5 months effort/year), and 2 high-school students (2.77 months 
effort/year). The graduate student will be trained on hands-on skills on drone design, software, 
user interface, and drone operation while offering training to undergraduate and high-school 
students on AI, autonomy, and machine learning algorithms. The undergraduate students will work 
on new modules for our new drone platform, software/hardware development, interface design, 
and machine learning algorithm implementation and testing, training of high-school students. The 
high-school students will be trained on practical hands-on skills on CAD design, 3D printing, 
drone assembly, drone flight, and basic testing and data analysis. There is a 3% increase for years 
2 and 3.  
 
Year 1: $72,480   Year 2: $74,654   Year 3: $76,894 
 
Fringe Benefits 
Fringe benefits for faculty and staff at UTSA are calculated based on salaries at a rate of 
plus an additional percentage for premium sharing (medical insurance), which varies based on 
coverage type (rate table is provided below and further detail is available at the link below). 
Fringe benefits for students are calculated based on salaries/wages at a rate of  Additional 
detail can be found here: https://www.utsa.edu/financialaffairs/services/payroll/faculty-staff-
resources/fringe-benefits.html, and is available at the end of this document.  
 
Year 1:     Year 2:     Year 3:  
 
 
 

(b) (4) (b) (4) (b) (4)

(b) (4)
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Associate Professor and Assistant Chair of Research, University of Texas, San Antonio, TX

Assistant Professor, University of Texas, San Antonio, TX

U.S. Air Force Summer Faculty Fellow, Munitions Directorate, Eglin Air Force Base, FL

National Research Council Research Associate, Aerospace Systems Directorate, Wright-
Patterson Air Force Base, OH



1. H. Zhan and Y. Cao, “Efficient Multi-objective Reinforcement Learning via Multiple-gradient Descent 
with Iteratively Discovered Weight-Vector Sets”, Journal of Artificial Intelligence Research, vol. 70, pp. 
319-349, 2021.
2.  H. Zhan, Y. Cao, M. Cortez, A. Harris, “Proactive Data-driven UAV State Estimation via Online End-to-
end Learning”, AIAA SciTech Conference, 2020.
3. F. Tao, M. Cortez, Y. Cao, “Infrared Camera Assisted UAV Autonomous Control via Deep 
Reinforcement Learning”, AIAA SciTech Conference, 2021.
4. H. Zhan, F. Tao, and Y. Cao, “Human-guided Robot Behavior Learning: A GAN-assisted Preference-
based Reinforcement Learning Approach”, IEEE Robotics and Automation Letters, vol. 6, no. 2, pp. 
3545-3552, 2021.
5. D. Barron, P.V. Chakravarthy, R. Nagarkar, Y. Cao, W. Gao, “IMU-based Autonomous Solar Tracking 
System with Soft Actuators: A Machine Learning Approach”, IEEE Conference on Control Technology and 
Applications, pp. 1172-1178, 2021



- Proposal reviewer and panelist for NSF, DoD, NASA
- Co-chair of IEEE Technical Committee on Manufacturing Automation and Robotic Control
- Member of the IEEE Control Systems Society Conference Editorial Board (2013 - now) and IEEE Robotics and 
Automation Conference Editorial Board (2015-2017, 2021-now)
- Co-organized a few invited sessions for IEEE CDC and IEEE ACC 
- Associate Editor for Automatica, 2022-
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Current and Pending Project and Proposal Submissions 

Name: Yongcan Cao 

Current 

1.  Title: An Active Learning Approach for Precise and Reliable UAV Formation Maneuvers 

Objectives: The objectives of the project are to overcome both theoretical and algorithmic 
challenges in developing an active learning approach that integrates physics-based and 
learning-based modeling and control methods.  

Source and Amount of Funding: Office of Naval Research, Arlington, VA, $452,267 

PI’s Effort: 1 month/year 

Period of Performance: April 1, 2019 – March 31, 2023 

 
2.   Title: Optimal 3D Maneuvers for UAV Swarms 

Objectives: The project focuses on three essential problems: (1) provable 2D cooperative 
turning maneuver design; (2) provable 3D cooperative rotational turning maneuver design; and 
(3) energy-efficient 3D cooperative turning maneuvers. The completion of the project will 
advance the practical autonomy of UAVs for Air Force missions in complex operation 
environments. 

Source and Amount of Funding: Air Force Research Lab, Dayton, OH, $200,000 

PI’s Effort: 0.5 month/year 

 Period of Performance: August 2, 2020 – August 1, 2023 

 
3.  Title: Human-guided Online Learning for Long-term Autonomy with Active Self Evaluation 

Objectives: The project seeks to overcome technical challenges in the development of a 
human-guided online learning approach that integrates a newly designed stereo reinforcement 
learning and explainable multi-objective learning with human-guided learning to enable self 
online evaluation with need-based human queries.  

Source and Amount of Funding: Army Research Office, Adelphi, MD, $359,897 

PI’s Effort: 1 month/year 

Period of Performance: March 14, 2021 – March 13, 2024 

 
4.  Title: SHARE: Shared Human-AI-Robot Ecosystem 

Objectives: The objectives of the project are to (1) overcome some theoretical and algorithmic 
challenges of developing a human-AI-robot ecosystem that leverages human guidance to 
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address some unsolved challenges in reinforcement learning and (2) collaborate with Army 
Research Lab to develop tools/methods with applications in Army missions. 

Source and Amount of Funding: Army Research Lab, Adelphi, MD, $505,443 

PI’s Effort: 1 month/year 

Period of Performance: October 1, 2021 – September 30, 2024 

 
5.  Title: REU Site: Artificial Intelligence Powered Robotics in 5G Network 

Objectives: The objectives of the project are to provide research experiences for undergraduate 
students in the area of artificial intelligence, robotics, power systems, and 5G communication 
networks. 

Source and Amount of Funding: National Science Foundation, Arlington, VA, $403,354 

PI’s Effort: 0.1 month/year (senior personnel) 

Period of Performance: April 1, 2021 – March 31, 2024 

 

6. Title: A Systematic Study of Learning From Failure 

Objectives: The objectives of the project are to develope a new “learning from failure” 
approach that focuses on providing theoretical and algorithmic solutions of reward and policy 
learning when the value of failure is explicitly harnessed.  

Source and Amount of Funding: Office of Naval Research, Arlington, VA, $502,051 

PI’s Effort: 1 month/year 

Period of Performance: July 15, 2022 – July 14, 2026  
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Pending 

1.  Title: Bridging Gaps in Human, AI and Robotics for Realizable Human-guided Learning 

Objectives: The objectives of the project are to overcome the two challenges, namely, the 
ability for robots to adaptively learn from diverse human guidance with limited human 
interaction and the training of next-generation workforce for NEEC with both technical and 
hands-on skills to apply the newly developed AI algorithms in simulated and real-world UAV 
platforms. 

Source and Amount of Funding: NSWC IHD, Indian Head, MD, $344,506 

PI’s Effort: 1 month/year 

Period of Performance: April 1, 2023 – March 31, 2026 

 

2. Title: An Active Learning Approach for Inclusive and Diverse Workforce in Autonomy and 
Artificial Intelligence 

Objectives: The objective of the project is to develop a new active learning approach for 
inclusive and diverse workforce, with a focus on autonomy and artificial intelligence, that 
integrates students-oriented hands-on learning, problem-based learning, and human teaming 
effectiveness/dynamics learning with diverse STEM topics, namely, 3D printing, 
programming/software, hardware, human-computer interface, data science, autonomy, and 
artificial intelligence. 

Source and Amount of Funding: ONR, Arlington, VA, $461,730 

PI’s Effort: 1 month/year 

Period of Performance: May 1, 2023 – April 30, 2026 
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